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Intravascular ultrasound images were employed to evaluate
aortic coarctation before and after balloon angioplasty .
Measurements obtained with use of an ultrasound imaging
catheter correlated well with measurements made with
digital aortography, both In the area of coarctation and in
areas proximal and distal to it . The intravascular ultra-
sound Images dramatically revealed dissection of the aortic
wall and an intimal flap that was not appreciated on
cineaortography or digital subtraction angiography .
Balloon dilation angioplasty of coarctation of the aorta was
first reported in 1981 (1) . Since then it has received consid-
erable interest, both as initial treatment of native coarctation
and as treatment for restenosis after surgery (2) .
Pathologic studies in both animals (3) and humans (4)
indicate that balloon dilation of aortic coarctation results in
tearing of the intimal and medial layers of the aortic wall .
Although this effect causes a decrease in the pressure
gradient across the area of stenosis and an increase in
luminal diameter, it is also responsible for the short- and
long-term complications of the procedure . Fatal perforation
of the aorta has been reported (5) as a result of readvance-
ment of a catheter across a recently dilated region without
the guide wire in place, and aneurysm at the site of dilation
has been reported months to years postoperatively (6,7).
The intimal and medial dissections that occur immedi-
ately after the procedure may not be appreciated by angiog-
raphy. In the following case of aortic coarctation treated by
balloon angioplasty, images obtained by an intravascular
ultrasound catheter identified the intimal and medial tears in
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Intravascular ultrasound imaging may yield important
morphologic information unavailable by other imaging
techniques. Such information may allow more precise def-
inition of the results of intravascular procedures and im-
prove understanding of lesion characteristics predictive of a
successful outcome.
(J Am Coll Cardiol 1990 ;15:906-9)
the vessel wall that had not been detected by either digital
subtraction or cineaortography .
Case Report
History and findings. A 30 year old man was admitted to
our institution for cardiac catheterization and possible bal-
loon dilation of a recurrent coarctation . As an infant, he was
observed to have a prominent precordial holosystolic mur-
mur and decreased lower limb pulses . At age 5 years cardiac
catheterization at this institution had confirmed coarctation
of the aorta and a small ventricular septal defect (1 .8 :1 shunt
ratio) . The area of coarctation was immediately distal to the
left subclavian artery, and there was a 45 mm Hg peak
systolic gradient across the stenosis . The decision was made
to surgically repair the aortic coarctation and reevaluate the
ventricular septal defect at a later time . The area of coarc-
tation was resected and the ends of the aorta were anasto-
mosed without insertion of a graft . The patient recovered
without incident and had no adverse events throughout his
teenage years, although he experienced mild dyspnea from
moderate exertion .
In April of 1989 (at age 30) he was diagnosed on routine
examination to be severely hypertensive . He had decreased
pulses in the lower limbs and restenosis of the aortic
coarctation was suspected . Repeat catheterization demon-
strated normal coronary arteries and left ventricular func-
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Lion. The small ventricular septal defect was again observed
(1 .3 :1 shunt ratio) . A 49 min Hg peak to peak aortic gradient
was recorded across the area of coarctation, and the patient
was referred for balloon dilation .
On physical examination, the blood pressure was 190/70
mm Hg in both arms and palpable at 110 mm Hg in the lower
limbs; the pulse was 90 beats/min and regular . Jugular
venous pressure was normal, and there was no right ventric-
ular impulse. There were physiologic first and second heart
sounds with a grade 3/6 harsh, blowing holosystolic murmur
at the left sternal border radiating to the right sternal border .
There was no diastolic murmur or gallop. A grade 3 harsh,
crescendo-decrescendo systolic murmur was heard in the
back, immediately left of the spine in the dorsal infrascarular
space. The lungs were clear to auscultation . Pulses in the
carotid arteries and arms were equal and brisk, and the
femoral pulses were I+ bilaterally and delayed relative to
the brachial pulse. There was no edema .
Cardiac catheterization and angioplasty procedure . Right
and left heart catheterization was performed by the femoral
approach. A dual sensor, high fidelity micromanometer
catheter (Millar Instruments) positioned across the area of
the aortic coarctation recorded 47 mm Hg peak systolic
gradient across the stenosis . R wave-gated digital subtrac-
tion aortograms visualizing the area of stenosis were ac-
quired in the left anterior oblique and straight lateral projec-
tions . Quantitative analysis of luminal diameter in the
prestenotic, poststenotic and coarctation sites was per-
formed with use of a commercial edge-detection algorithm
(ADAC 4100c system). A 6.5F mechanical ultrasound imag-
ing catheter (Mansfield Scientific and Diasonics) was posi-
tioned proxim-, to the area of coarctation through a 7F
biopsy sheath (Cordis). This system uses a single 20 MHz
transducer within the catheter tip rotating at 900 rpm . The
imaging catheter was slowly withdrawn to obtain ultrasound
images of the prestenotic, poststenotic, and coarctation
sites .
The area of stenosis was dilated with a 20 mm diameter
followed by a 23 mm diameter aortic balloon (Mansfield
Scientific) . The balloons were inflated for 15 to 20 s to a
maximum of 9 atm . The second dilation with the 23 mm
balloon resulted in balloon rupture . The dual sensor micro-
manometer catheter was reintroduced to measure the gradi-
ent across the area of stenosis, and the digital aortogram was
repeated . Intravascular ultrasound images were also re-
peated at the previously sampled sites .
Results of angioplasty . The peak systolic gradient across
the stenosis decreased from 47 mm Hg before dilation to 14
mm Hg after dilation. Figure I shows preangioplasty and
postangioplasty pressure tracings, acquired simultaneously
from the aorta at sites proximal and distal to the coarctation .
Vessel diameters at the prestenotic, poststenotic and coarc-
tation sites measured by both digital angiography and intra-
vascular ultrasound are shown in Table 1 . There was good
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Figure P . Aortic
pressure gradient (shaded) across the area of
coarctation before (PRE) dilation and after (POST) dilation . Proxi-
mal (PROX) and distal (DIST) pressures were obtained simulta-
neously with use of a dual sensor micromanometer catheter (time
scale on abcissa : I box = 50 ms) . ECG = electrocardiogram .
agreement between dimensions measured by digital aortog-
raphy and intravascular ultrasound at all sites, both before
and after dilation .
Ultrasound imaging. In addition to data on the size of the
vessel, the ultrasound image yielded information about the
morphology of the vessel wall that was not available from
aortography (Fig . 3) . After balloon dilation, the wall of the
aorta appeared smooth by both digital and cineaortography .
However, at the dilation site, the intravascular ultrasound
images revealed significant intimal and medial dissections, as
well as intimal flaps in the wall of the aorta . The differences
between the angiographic and intravascular assessment of
the dilation site were striking .
Table 1 . Angiographic and
Ultrasound Measurements
Aortic Lumen Diameter (mm)
Angiographic
Post = after dilation : Pre = before dilation
.
Ultrasound
Site of Measurement
Pre
Post Pre
Post
At coarctation
11 .4 13 .8
12 .3 15 .0
Proximal to coarctation
15 .3 16 .0
16.6 17 .9
Distal to coarctation
20.3 22 .0
21 .4
23 .3
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Discussion
This case represents the first report in which an intravas-
cular ultrasound imaging catheter was utilized to assess the
results of balloon angioplasty of aortic coarctation . Ultra-
sound images demonstrated intimal and medial dissections
that were not visualized by either digital subtraction or
cineangiography . Thus, this new method of intravascular
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Figure 2. Preangioplasty imaging. A,
Intravascular ultrasound image at the
coarctation site . B, Intravascular
ultrasound image in the aorta distal to
the coarctation site . In A and B, the
circular halo within the vessel repre-
sents an artifact caused by the ultra-
sonic catheter . C, Digital aortogram .
The location of the ultrasound images
shown in A and B are indicated by
dashed lines .
imaging may provide important information regarding the
results and mechanisms of angioplasty in vivo .
Vessel wall produced by balloon angioplasty . Lock et al .
(3) reported intimal and medial tears in the aorta of lambs
that had undergone balloon dilation of surgically created
coarctation. Similar histologic findings have been observed
(4) after in vitro balloon dilation of surgically excised human
Figure 3 . Postangioplasty imaging . A,
Intravascular ultrasound image at dila-
tion site (TL = true vessel lumen) . The
arrow indicates the site of the echogenic
intimal flap and the echolucent dissec-
tion into the intimal and medial layers of
the aortic wall . B, Intravascular ultra-
sound image distal to the site of dilation .
C, Digital aortogram . The location of the
ultrasonic images in A and g are indi-
cated by dashed lines .
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coarctation segments . The controlled injury to the vessel
wall is believed to be responsible for relief of stenosis in the
coarctation segment . Suarez De Lezo et al . (6) reported
angiographic evidence of intimal tears in 8 (29%) of 28
patients after balloon dilation of coarctation . Intimal tears
and dissection were not observed in patients studied with
nuclear magnetic resonance imaging after balloon dilation
(3),
The vessel wall injury created b y balloon dilation is
potentially hazardous should the guide wire be withdrawn
across the lesion and a catheter readvanced over the newly
dilated vessel wall . The guide wire or catheter can easily
enter the false lumen and perforate the thinned aortic wall .
In addition, overstretching of the narrowed aortic segment
could lead to severe damage to the media of the aorta . Such
damage could result in aneurysm formation as a late com-
plication of the procedure (63). The intravascular uhm-
sound imaging system is more sensitive to detecting the
injury to the aortic wall and may he able to define more
objectively the results of this evolving procedure in terms of
morphologic changes to the vessel wall .
Role of intravascular ultrasound imaging. It has been
suggested (9) that the maximal balloon diameter should be
about twice the size of the most narrowed area of stenosis,
not to exceed the diameter of the normal aorta measured at
the diaphragm. The ultrasound catheter images can be used
to quickly obtain these measurements before angioplasty is
attempted . There has also been concern that the aortic wall
immediately adjacent to the coarctation may be abnormal .
Isner et al . (10) found depletion and disarray of the elastic
tissue in the segment of aortic wall immediately adjacent to
the coarctation . Dilated areas of aorta adjacent to the area of
aortic narrowing have been observed before attempted bal-
loon dilation. Rao et al . (9) reported that such aneurysms can
be missed by angiography . The use of intravascular ultra-
sound imaging may also be able to demonstrate these aortic
wall abnormalities before angioplasty is attempted .
Conclusions . This case illustrates that intravascular ultra-
sound images can yield important information about the
aortic wall after balloon dilation of coarctation of the aorta
that may be unavailable from aortography or other imaging
methods. The intravascular ultrasound images demonstrated
tears in the vessel wall that were undetected by angiography .
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These images, when combined with conventional aortogra-
phy, may be useful in more accurately defining the results of
the procedure .
Intravascular ultrasound imaging appears to be a promis-
ing new technique for evalliwirig the gross histologic events
that occur in the vessel wall after interventional procedures .
In addition, it may improve our understanding of the lesion
characteristics that predict a successful outcome of these
interventional procedures .
We thank James Tart . MD and David Cowherd, MD for referral of this patient
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